1 2 BACKGROUND: The selective conversion of cellulose to gluconic acid under mild
oxidation of glucose under base-free conditions.
1
In our previous work, we found that the catalyst preparation method had a crucial 2 influence on the catalytic activity of supported Au catalysts for base-free glucose 3 oxidation and the sol-immobilization was found to be the best method. 32 Additionally, 4 both the pretreatment of catalysts and the ratio of polyvinyl alcohol (PVA) to metal 5 (wt/wt) are also important parameters with respect to both the activity and selectivity 6 in the oxidation of glucose to gluconic acid. It is believed that bimetallic catalysts 7 normally exhibit better catalytic activity in comparison with pure metals because the 8 interaction between the two metals can modify the surface and electronic properties of 9 the catalysts. In addition, almost all of the literature reported above suggests that the 10 direct conversion of cellubiose into glucnic acid requires bi-functional catalysts which 11 not only perform cascade type of reactions in one pot but also improve the product 12 selectivity and overall activity of the catalytic system. Therefore, we anticipated that 13 the use of bimetallic catalysts based on gold where the secondary metal could improve 14 both the initial degradation of cellubiose and the further oxidation would be beneficial. kV). Charge neutralization was performed using an magnetic immersion lens system 1 and the subsequent spectra calibrated to the C(1s) line of carbon taken to be 284.8 eV.
2
All data was analyzed using CasaXPS utilizing atomic sensitivity factors supplied by 3 the manufacturer.
4
Powder X-ray diffraction (XRD) patterns were recorded using a Panalytical X'pert Pro 5 diffractometer using Ni filtered CuKα radiation (operating at 40 kV, 40 mA). Scans 6 were in the range of 10-80° 2θ.
7
Transmission electron microscopy (TEM) was carried out using a Jeol 2100 with a 8 LaB6 filament operating at 2000 kV. Samples were prepared by dispersing the powder 9 catalyst in ethanol and dropping the suspension onto a lacey carbon film over a 300 10 mesh copper grid. Particle counts were based on 300 particles.
11

Oxidation reactions
12
Reactions were carried out using a low pressure Colliver glass reactor (50 ml). Glucose 13 or cellobiose (0.20 g), catalyst (0.05 g) and water (20 g) were added into the reactor, 14 which was then purged with oxygen three times before the reactor was sealed and 15 pressurized with oxygen (3 bar). The reaction mixture was heated to 160 °C for 1 h 16 under constant stirring (1000 rpm), then cooled to room temperature. The products 17 were analyzed by HPLC using an Agilent 1200 fitted with a metacarb 67H column,
18
and UV and RI detectors.
19
All of the catalytic tests were repeated at least three times and the data were found to 20 be within an experimental error of 1-3%. Table S1 ). This suggests that the increase in Pd(II) may be beneficial to the catalytic 4 system however the reflux treatment leads to an increase in the apparent gold loading 5 which would suggest a redistribution of the metals, either increasing the dispersion of 6 gold or reducing the distribution of palladium. In comparison, the Au-Pt system almost parameters.
1
Effect of the PVA to metal ratio on base-free oxidation of glucose 2
The amount of stabilizing agent (PVA) can affect the catalytic activity by controlling 3 the number of exposed active sites as well as the metal particle size. The balance 4 between ligand interaction and number of exposed sites has been discussed previously 5 by Prati and co-workers, 35 we have previously shown that increasing the amount of 6 PVA on the catalyst leads to a decrease in activity, 36 therefore, we prepared various 7 catalysts by varying the amount of PVA to metal ratio in the range of 0 to 1.2 in order 8 to find a balance between ligand shielding effect and the size of metal particles. The 9 prepared catalysts did not go through any post synthesis treatment other than a drying 10 step at 110 °C overnight. All the catalysts were tested for glucose oxidation under 11 standard reaction conditions and the data is presented in Table 2 .
12
An analysis of data showed that there was an increase in both catalytic activity and 13 selectivity of gluconic acid with an increase in PVA to metal ratio. The catalyst 14 synthesized with the highest ratio of PVA to metal (1.2) showed the highest conversion 15 of glucose (80%) and also the highest yield of gluconic acid was observed. We also 16 observed some side products mainly glucaric acid and glycolic acid along with a traces 17 amount of fructose and 5-HMF. The detailed analysis data are provided in Supplementary Information Table S2 .
3
The XRD patterns of the Au-Pt catalysts prepared by variation of PVA to metal ratio 4 are shown in Figure 2 , again there were no reflections related to Au and Pt. All of the 5 catalysts presented typical pattern of titania indicating a very small particle size or a 6 homogeneous dispersion of metals on the surface. As there were no reflections related 7 to the metals observable in the XRD we carried out TEM analysis on the catalyst with 8 the varying metal to PVA ratio to get an indication of the particle size distribution.
9
Representative images of the different catalysts along with their associated particle 10 size distributions are shown in Figure 3 . All the catalysts had an average particle size
11
that was below what we would expect to be able to observe by XRD. It is clear that 12 the use of PVA results in a smaller average particle size, when no PVA is used ( Figure   13 3a) the average particle size is 3.67 nm, compared with our standard ratio (1.2, figure   14 3d) which has an average particle size of 1.6 nm. The use of PVA also leads to a much activity of the catalyst correlates inversely with the average particle size, the smaller 20 the average particle the more active the catalyst is. This suggests that the particle size 21 is a significant factor that affects the activity of the catalyst. 38 From this analysis we conclude that the metal particle size is the key factor for the 7 conversion of glucose. loadings in the range of 0.5 to 2.5% were prepared by the sol immobilization method. 14 PVA to metals ratio was kept constant at the optimum 1.2 ratio and the catalysts did 15 not go through any post-synthesis treatment. All of the catalysts were tested for glucose 16 oxidation and the data is presented in Table 3 .
17
The catalytic data showed that the catalysts prepared with the lowest amounts of both 18 metals showed a relatively low activity and a correspondingly lower yield of gluconic acid. An increase in amount of metals from 0.5% (total) to 1% (total) increased both 20 the activity and selectivity and a further increase in the amount of metals to 2% fully 21 converted glucose into ~90% gluconic acid yield. A further increase in the amount of 22 conversion of cellobiose. Therefore, in next step we varied the temperature of reaction 1 and the data is presented in Table 5 .
2
An increase in temperature from 130 to 140 °C showed an increase in conversion from 3 31.6 to 51.5% and gluconic acid yield also increased from 6.5 to 20.5%. Further 4 increase in the temperature to 150 °C showed no change in conversion but the yield of 5 gluconic acid increased from 20.5% to 28%. Interestingly another increase up to 6 160 °C decreased the conversion by 10% and also the gluconic acid yield was 7 decreased to almost half. This decline in activity and selectivity with an increase in 8 temperature can be linked with the deposition of carbon species or polymers on the 9 catalyst surface at high temperature which could be responsible for a lower number of 10 active sites. Similarly to the other reactions, the side products were glycolic acid and 11 glucaric acid.
12
Subsequently we performed a variation of reaction time for cellobiose oxidation with 13 1%Au-1%Pt/TiO2 catalyst at 150 °C and the activity data is presented in Table 6 . An 14 increase in reaction time from 1 hour to 2 hours showed a significant increase in 15 conversion from 51 to 65% and the gluconic acid yield increased from 28 to 42%. A 16 further increase in reaction time to 3 hours increased both the conversion (74%) and 17 gluconic acid yield (59%). Small amounts of glycolic acid and glucaric acid were also 18 observed as side products.
19
Finally we varied the amount of cellobiose (substrate) within a range of 0.10-0.30 g 20 using the 1%Au-1%Pt catalyst and the activity data are presented in Table 7 . A 21 decrease in conversion was observed with an increase in amount of the substrate from 
